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Abstract
The purpose of the present study is to estimate the current incidence of febrile events (FEs) and infectious episodes in acute
lymphoblastic leukemia (ALL) and evaluate the outcome. We analyzed data on all FEs in a cohort of patients affected by ALL
admitted to 20 Italian hematologic centers during 21months of observation fromApril 1, 2012 to December 31, 2013. Data about
treatment phase, steroids, neutropenia, type and site of infection, and outcome of infection were collected. The population
comprehended 271 ALL adult patients. Median age was 46 years old (range 19–75), M/F 1.1:1. We collected 179 FEs occurring
during 395 different phases of treatment in 127 patients (45.3% incidence): remission induction treatment 53.1%, consolidation/
maintenance 35.7%, treatment for a first or second relapse 44.3%, and refractory disease 85.7%. The incidence of FUO (fever of
unknown origin) was 55/395 (13.9%). In the remaining cases, bacteria caused 92 FEs (23.2%), fungi 17 (4.3%), viruses 5 (1%).
Mixed infections occurred in 10 cases mainly fungal+bacterial (9/10 cases). Neutropenia was mostly present at onset of FE
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(89.9% of FEs). Mortality rate was 11.7% (21/179) while 16 deaths occurred with evidence of infection (8.9%). Age > 60 years,
neutropenia, poor performance status, steroids, refractory disease, and mixed infections significantly correlated with infection-
related mortality. A statistically significant association with mortality was observed also for pulmonary localization and bacter-
emia. Our study describes the real-life epidemiological scenario of infections in ALL and identifies a subset of patients who are at
higher risk for infection-related mortality.
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Introduction
Febrile events (FEs) and infectious complications often make
hematologic malignancies difficult to treat.
Several studies have defined the diseases and phases of
treatment at higher risk for infection [1–6]. Infectious risk in
acute lymphoblastic leukemia (ALL) has always been consid-
ered low but current epidemiology of FEs in such patients is
not yet well elucidated. Most data regarding infections are
derived from case reports or studies of specific subpopulations
of ALL patients or pathogens (pediatric patients’ cohorts, in-
cidence after specific treatments) [7–13]. Moreover, bone
marrow involvement and chemotherapy-associated toxicities
contribute to infection risks associated with ALL. Particularly,
higher doses of anthracycline and antimetabolite-based che-
motherapy regimens are now frequently administered for lon-
ger periods. Steroids are also a cornerstone of the treatment of
lymphoproliferative diseases, but have pleiotropic cumulative
immunosuppressive and catabolic effects. Therefore,
infection-related risks in the ALL population relative to other
high-risk malignancies may be underestimated.
The aim of the present study was to investigate the current
incidence of FEs and the infectious risk in ALL patients and to
evaluate the outcome of such complications.
Patients and methods
Data collection
We prospectively collected data about FEs occurring in ALL
patients in any phase of disease followed in Italian hematolo-
gy centers participating to the study within the SEIFEM
(Sorveglianza Epidemiologica Infezioni Fungine in
EMatologia) group from April 1, 2012 until December 31,
2013. The study was approved by the ethics committee of
each center. Case report forms were compiled and data
concerning hematologic risk (immunophenotype, white blood
cell count, cytogenetics, karyotype), treatment (phase of dis-
ease, chemotherapy regimen, previous hematopoietic stem
cell transplant procedures), risk factors for infection (neutro-
penia, placement of CVC, positive surveillance swabs, use of
antimicrobial prophylaxis and steroids, presence of
comorbidities), characteristics of FE (signs and symptoms,
etiology, radiologic abnormalities, treatment of infection)
were analyzed. Patients that developed FEs during hematopoi-
etic stem cell transplantation (HSCT) procedures (autologous
or allogeneic) were withdrawn from the study so as not to bias
the results as these practices are recognized as a higher risk for
infectious complications. Similarly, patients receiving
tyrosine-kinase inhibitors (TKI) monotherapy were excluded.
Informed consent was obtained from all individual partici-
pants included in the study.
All the patients were treated according to NILG 10/07 [14]
or GIMEMAprotocols for ALL [15]. GMALL protocols were
also used for T lineage ALL [16].
The diagnostic work-up at onset of fever did not signifi-
cantly differ among the centers and included the use of micro-
biological data, CT scans, X-rays, bronchoalveolar lavage,
and histological examination.
The outcome of infection was evaluated at 30 days from the
first fever onset.
Definitions
Performance status (PS) was graded according to the Eastern
Cooperative Oncology Group Scale [17].
Neutropenia was defined as an absolute neutrophil count <
500 cells/mm3 or < 1000 cells/mm3 with a prediction of de-
cline to < 500 cells/mm3.
Fever was defined according to IDSA guidelines as a single
increase of blood temperature to 38.3 °C or either ≥ 38 °C for
1 h or more [18]. Hypothermia (< 35 °C) was considered as
possible sign of infection and thus investigated.
Fever of unknown origin (FUO) was described when
fever occurred in the absence of a specific infectious fo-
cus detected by physical, radiological, or microbiological
examination.
Bloodstream infections (BSI) were defined by the presence
of one or more positive blood cultures together with clinical
signs. In case of skin contaminants, a minimum of two posi-
tive blood cultures was necessary. When the pathogen was
only traced in blood, we defined it primarily (e.g., catheter-
related BSI included). Secondary BSI was defined as the de-
tection in bloodstream of an organism causing infection in
another body site.
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Invasive fungal infections were defined according to the
European Organization for Research and Treatment of
Cancer/Mycoses Study Group (MSG) [19].
Steroid treatment was identified with administration of
prednisone/prednisolone for at least 10 days at a dosage of
25 mg minimum (or equivalent dosage).
We considered mortality due to infection when patients
died with clinical evidence and/or microbiological signs of
infection.
Statistical analysis
Number and percentage were calculated for demographic da-
ta, FEs, treatment data and for characteristics of patient at FE
onset.
Number and percentage of FEs and related deaths were
reported by identified agent and by phase of treatment.
Univariate and multivariable logistic regression were used
to investigate the association between death and patient risk
factors. A multivariate logistic regression model was used to
explore independent risk factors for infection-associated mor-
tality. Risk factors associated with mortality were reported as
odds ratios (ORs) and 95% confidence intervals (CIs).
Statistical analysis was carried out using SAS software (ver-
sion 9.2; SAS Institute, Milan, Italy). A two-sided P value of
less than 0.05 was considered statistically significant.
Results
Characteristics of patients and distribution of FEs
Over the observation period, 20 Italian participating centers
enrolled all patients diagnosed with ALL at any phase of dis-
ease, except HSCT procedures.We screened 271 patients. The
population was predominately male (51.1%) with a median
age of 46 years (range 19–75). A total of 395 treatment phases
were recorded in the 271 patients. The characteristics of the
127 patients that developed a FE are shown in Table 1.
We registered 179 FEs with an incidence of 45.3% (179/
395). The distribution per phase of treatment was the follow-
ing: 53.1% (84/158) during remission induction treatment,
35.7% during consolidation/maintenance (54/151), 44.3%
during treatment for a first or second relapse (35/79), and
85.7% for refractory disease (6/7).
FEs occurred after a median of 7 days after the end of
chemotherapy (range 1–100) and mostly during neutropenia
[61, 89.9%—on average after 6 days (range 1–28)]. A CVC
was placed in 140 cases (78.2%). Patients were receiving cor-
ticosteroids in 123 cases (68.7%) of FEs. The distribution of
different type of FEs per phase of treatment is shown in
Table 2. As shown, the incidence did not differ significantly
during the different phases of treatment except for fungal and
mixed infections.
Fever of unknown origin
The incidence of FUO was 13.9% (55/395), representing
30.7% of all FEs and did not differ significantly according
to phase of treatment from 15.8% (25/158) at remission in-
duction, 13.9% (21/151) during consolidation/maintenance,
10.1% (8/79) during relapse, and 14.2% (1/7) during refracto-
ry disease.
Bacterial infections
Quinolone antibiotic prophylaxis was administered in 44.6%
of FEs.
Table 1 Demographic characteristics of patients (n = 127)
No. (%)
Male sex/female sex 65/62 (51.1/48.9)
Median age, years (range) 46 (19–75)
Lineage
B 103 (81.1)
T 24 (18.9)
Philadelphia chromosome 29 (22.8)
Characteristics of patients presenting
FEs, n = 179 total, no (%)
Phase of treatment
• Induction 84 (46.9)
• Consolidation/maintenance 54 (30.2)
• Relapse/refractory 41(22.9)
Conventional chemotherapy 159 (88.8)
Conventional chemotherapy+TKI 20 (11.2)
Characteristics of patients at FE onset,
n = 179 FEs, no (%)
Hypercytemia (WBC > 30.000) 59 (32.9)
CNS or other sanctuary site 17 (9.49)
HEPA filters rooms 91 (50.8)
Previous allogeneic HSCT 6 (3.3)
Neutropenia (PMN < 500) 161 (89.9)
PMN < 100 for more than 10 days 124 (69.2)
CVC 140 (78.2)
Steroids 123 (68.7)
Diabetes 18 (10.1)
CRI* 5 (2.7)
Hepatopathy
HBV/HCV 8(4.4)
Other (NASH**, non-viral hepatitis) 12 (6.7)
*Chronic renal insufficiency
**Non-alcoholic steatosis hepatitis
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The incidence of bacterial infections according to phase of
treatment was 27.8% (44/158) during remission induction,
18.5% (28/151) during consolidation/maintenance, 22.7%
(18/79) during relapse, and 28.5% (2/7) during refractory
disease.
For FEs with a bacterial etiology, 77 microbiologically
proven bacterial infections were registered during 395 phases
of treatment, with an overall incidence of 19.4%. The inci-
dence was 22% if mixed bacterial infections are included;
bacteria were thus involved in 48.6% of all FEs.
Most documented infections presented as a primary blood-
stream infections (61/77, 79.3%), followed by 5 primary
pneumonias (5/77, 6.4%), 7 (7/77, 9.1%) infections of geni-
tourinary tract, and 4 (4/77, 5.2%) infections of gastro-
intestinal tract.
In 59 cases, FEs were caused by a single bacterium, pre-
dominantly Gram-negative (38/59, 64.4%). In 18 cases of
bacterial FEs, two or more bacteria were isolated. Both
Gram-positive and Gram-negative pathogens were isolates
in 12 cases, whereas two of more Gram negative were isolates
in 5 cases, and one patient had two Gram-positive species.
No clinical or radiological signs of infection or isolate were
recovered in 15 FEs. Because these FEs responded to empiric
antimicrobial treatment, we classified these cases as clinically
documented infection, with possible bacterial origin.
Fungal infections
Seventeen cases of invasive fungal disease (IFD) were ob-
served during 395 cycles of treatment (4.3% overall inci-
dence). When EORTC/MSG standardized diagnostic criteria
are applied, 6 cases (35.3% IFDs) were proven, 8 cases
(47.1%) were probable IFD, and 3 cases (17.6%) were possi-
ble IFD. As for the proven/probable IFDs, moldswere isolated
in 9 cases (all Aspergillus spp, 2.2%), while yeasts were iso-
lated in 5 cases (all Candida spp, 1%). Molds caused 8 cases
of pneumonia and one case of sino-nasal infection, while
yeasts were associated with three episodes of candidemia
and two cases of chronic disseminated candidiasis.
Co-infections were present in 10 IFD episodes, including 9
cases with bacteria, and 1 case with both bacteria and virus.
Considering these mixed infections, the combined incidence
of fungal infection was 6.8%.
Antifungal prophylaxis during remission induction chemo-
therapy was employed in 37 cases (in 4 cases with
posaconazole, in 1 case with itraconazole, in 19 cases with
fluconazole, in 13 cases with liposomal amphotericin B).
Prophylaxis against P. jiroveciiwas used in 32.9% of patients.
The IFD incidence per phase of treatment was 5.6% for
induction phase (9/158), 5.1% for relapse phase (4/79), 1.3%
(2/151) for consolidation/maintenance, and 28.5% (2/7) for
refractory disease.
Viral infections
We registered four viral infections (incidence 1%). One pa-
tient developed viral infections during induction remission
treatment, and three patients during consolidation/mainte-
nance. Cytomegalovirus was detected by polymerase chain
reaction (PCR) in 3 cases andH1N1 in one case. In 50% cases,
the patient had received antiviral prophylaxis with acyclovir
or valacyclovir.
Mixed infections
Mixed infections occurred in 10 cases (incidence of 2.5%).
Bacterial+fungal infections were the most common (9 cases)
with a predominance of Gram-negatives (8/10). Bacterial+
fungal+viral infection occurred in 1 case. In 5 cases, the pa-
tient had a relapsing disease, in 4 cases underwent remission
induction treatment and in1 case during refractory disease.
Mortality
We evaluated mortality within 30 days from the onset of FE.
Twenty-one deaths occurred of which 16/21 (76.1%) with
evidence of infection (Table 3). The overall mortality rate
was 7.7% (21/271). The mortality rate in FE population was
12.5% (16/127). Considering febrile events, an unfavorable
outcome occurred in 8.9% cases (16/179) (death Bwith
infection^).
The highest rates of infection-associated mortality occurred
in patients with refractory ALL (50%) with mixed infection
(30%) (Table 3). Mortality rates did not significantly differ
between patients with Gram-positive versus Gram-negative
infections.
Table 2 Microbiologically documented infections according to phase of treatment
Phases of treatment (no. febrile episodes) Bacterial (%) Fungal (%) Viral (%) Mixed (%) FUO (%)
Induction (84/158) 44 (27.8) 9 (5.6) 2 (1.2) 4 (2.5) 25 (15.8)
Consolidation/maintenance (54/151) 28 (18.5) 2 (1.3) 3 (1.9) / 21 (13.9)
Relapse (35/79) 18 (22.7) 4 (5.1) / 5 (6.3) 8 (10.1)
Refractory (6/7) 2 (28.5) 2 (28.5) / 1 (14.2) 1 (14.2)
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Risk factors for mortality
In univariate logistic regression age (p = 0.0056), the presence
of CNS involvement at diagnosis of ALL (p = 0.0015), ECOG
score > 1 at FE onset (p = 0.02), uncontrolled disease (p ≤
0.001), and mixed infection (p = 0.0001) were significantly
associated with death (Table 4). On the contrary, a disease
during first induction (p = 0.006) or in remission (p = 0.02)
were associated with reduced odds of death.
Results were confirmed in multivariable analysis adjusted
for patient age. Specifically, the presence of CNS/sanctuary
site at the time of ALL diagnosis (OR 4.05, 3.31–4.96;
p < 0.001), relapse or refractory ALL (OR 11.92, 9.27–
15.32; p < 0.001), mixed infection (OR 3.87, 2.99–5.00,
p < 0.001), pneumonia (OR 1.96, 1.62–2.36, p < 0.001), and
possible exposure to high-dose steroids (OR 3.39, 2.77–4.16;
p < 0.001) were associated with overall mortality. On the other
hand, infection at the time of first induction chemotherapywas
associated with a lower risk of death (OR 0.76, 95% CI 0.58–
0.99, p = 0.04).
Deep and prolonged neutropenia prior to infection diagno-
sis was associated with an exponential risk of predicted prob-
ability of death, especially after 20 consecutive days (Fig. 1).
A separate logistic regressionwas also conducted for the 18
deaths occurred in the presence of infection. Univariate anal-
ysis confirmed the significance for age (p < 0.001), use of
steroids (< 0.001), bacteremia (p < 0.001), and pneumonia
(p < 0.001). A better PS was found protective (ECOG score
< 1 a FE onset, p < 0.001).
Discussion
Hematologic malignancies are often burdened with infectious
complications. In recent years, several studies have been con-
ducted to estimate these events. However, they often concen-
trate on specific pathogens (e.g., bacteremia or fungal
Table 3 Mortality with evidence of infection (16 pts)
Deaths per febrile episode—no (%)
Agent
Bacteria 8/92 (8.6)
Fungi 2/17 (11.7)
Virus 1/5 (20.0)
Mixed infections 3/10 (30.0)
FUO 2/55 (3.6)
Phase of treatment
Remission induction treatment 4/84 (4.7)
Consolidation/maintenance 2/54 (3.7)
Relapse 7/35 (20.0)
Refractory disease 3/6 (50.0)
Table 4 Risk factors for overall mortality (univariate and multivariable analysis)
Variable Univariate analysis Multivariate analysisa
OR (95% CI) p value OR (95% CI) p value
Age (≥ 60) 3.63 (1.21–10.43) 0.0056 10.18 (8.11–12.78) < 0.001
Lineage (B vs T) 0.95 (0.28–4.19) 0.93
PH chromosome 1.33 (0.35–4.20) 0.60
CNS/sanctuaries involvement at ALL diagnosis 5.34 (1.39–18.41) 0.0015 4.05 (3.31–4.96) < 0.001
ECOG (2–4 vs 0–1) 2.85 (1.01–8.02) 0.02
First induction 0.22 (0.05–0.75) 0.006 0.76 (0.58–0.99) 0.04
Consolidation/maintenance 0.21 (0.02–0.95) 0.02
Relapse/refractory 12.69 (4.10–42.94) < 0.0001 11.92 (9.27–15.32) < 0.001
Steroids 2.08 (0.63–8.91) 0.19 3.39 (2.77–4.16) < 0.001
CVC 0.87 (0.28–3.28) 0.81
FUO 0.33 (0.06–1.24) 0.08
Clinically documented infection 0.47 (0.01–3.45) 0.47
Bacterial infection 0.79 (0.26–2.20) 0.62
Fungal infection 1.71 (0.28–7.01) 0.42
Viral infection 2.58 (0.04–33.74) 0.40
Mixed infection 9.56 (1.93–45.50) 0.0001 3.87 (2.99–5.00) < 0.001
Pneumonia (primary site and/or secondary) 2.16 (0.71–6.14) 0.10 1.96 (1.62–2.36) < 0.001
Bacteremia (primary site and/or secondary) 1.57 (0.56–4.39) 0.32
a Adjusted for age
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infections) or regard specific malignancies and treatment
courses (e.g. acute myeloid leukemia during remission induc-
tion, HSCT) known to be at higher risk for infection [2, 5,
20–25]. Investigations concerning acute lymphoproliferative
disorders are acquiring interest but remain still scarce [26].
In 2004, Offidani et al. retrospectively described the epide-
miology of infectious complications in adult ALL patients in a
monocentric experience [27]. However, the incidence and na-
ture of such events might have changed in the recent years;
therefore, our purpose was to describe the current incidence
and outcome of infectious complications in ALL in a large
cohort that included different phases and types of treatment
and to define a risk profile for these patients. The strength of
our study is that all patients were enrolled and followed pro-
spectively during the same time period. We purposely exclud-
ed FEs occurring in ALL patients undergoing HSCT (autolo-
gous/allogeneic) to obtain a clearer picture of infection risk
specific to ALL and its management. Infection risk in the ALL
patients following HSCT is dominated by transplant related
factors such as graft versus host disease (GVHD) involving
the GI tract and prolonged marrow aplasia [28, 29]. On this
basis, the impact of infectious agents may be higher during
such procedure [30, 31]. Likewise, patients receiving TKI
monotherapy were excluded in order not to bias our results.
To our knowledge, data about the incidence of FEs in dif-
ferent phases of treatment for ALL have not yet been eluci-
dated. The previous HEMA chart study reported an incidence
of febrile events during remission induction treatment for
ALL of 32.6% [1]. In our cohort, the incidence during induc-
tion treatment was 53.1% and was similar during re-induction
for relapsed patients (44.3%). As expected, refractory patients
had the highest incidence of FEs (85.7%), whereas patients in
complete remission the lowest (35.7%). However, this quite
noteworthy rate, if compared to the one observed in acute
myeloid leukemia during consolidation/maintenance, could
be explained considering the highly aggressive chemotherapy
regimens even during consolidation or maintenance that are
currently used for ALL.
Despite the most improved diagnostic procedures, FUO
represents a considerable part of FEs in the population in
study. There is still controversy if FUO are undetected in-
fectious episodes or phenomena related to the hematologic
malignancy or to its treatment. Given the pathophysiology
of ALL that is characterized by a notable inflammatory bur-
den, FUOs may be related to ALL itself and/or it could
represent treatment-related fever. In any case, mortality
rates registered during FUO were low (3.6%). Probably
prompt empiric prescription of anti-infective drugs at fever
onset might play a role in the reduction of mortality rates for
FE misdiagnosed as FUO that are actually sustained by mi-
croorganisms. In our cohort, more than one third of FEs with
a microbiological diagnosis was caused by bacteria (about
74% of the non-FUO events). Gram-negative bacteria
accounted for the majority of documented infections, as
opposed the predominance of Gram-positive pathogens re-
ported in epidemiological studies published in the 1990s
and early 2000 [32, 33]. However, no difference in terms
of mortality was found. In fact, bacterial infections seem to
have little impact on overall and infection mortality, as com-
pared to IFI and mixed infections. The overall scarce utili-
zation of quinolones prophylaxis may be supported by the
short period of neutropenia that patients undergo during
consolidation/maintenance therapy. In fact, the wider use
was made during remission induction treatment. In the
GRAAL group experience, the incidence of bacterial infec-
tions during remission induction treatment was slightly
higher, with a predominance of Gram-positive bacteria.
This might reflect the different local epidemiology as in
Italy an increase of multiresistant Gram-negative bacteria
has been observed. However, mortality rates were analo-
gous [34].
The incidence of IFD was 4.3% (9.4% of FE) apparently
in reduction compared to other previous studies [21] and
from the one recently published by Mariette and colleagues
(6.7%) [35] and comparable to the recent study by Nicolato
et al [36]. However, our study included patients in different
treatment phases of ALL, including phases at lower risk for
infection (i.e., consolidation/maintenance). As expected,
the latter was the category that presented the lowest inci-
dence (Table 2). Mold infections were more common than
yeast. Other species were found in the contest of mixed
infections. The mold/yeast ratio was 1.8:1. Candida BSI
infections were still evident in our study cohort (incidence
Fig. 1 Relationship between probability of all-cause mortality and
duration of severe neutropenia prior to infection. The solid line
represents the probability estimate death = exp(− 2.640 + 0.0809 × days
PMN < 500)/(1 + exp(− 2.640 + 0.0809 × days PMN < 500)). Dashed
lines are the 95% confidence intervals. Bars represent the number of
patients per duration of neutropenia before infection
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0.7%) but were lower than those reported in previous stud-
ies by the SEIFEM group [23].
Viral infections rates were low (incidence 1%, 2.7% of all
FEs) but probably underestimated in our study. Subclinical
viral infections are common and may be overshadowed by
bacterial or fungal disease in some patients. However, mor-
tality rates were relatively high among patients who had a
microbiologically documented viral infection (Table 3).
Mixed infections caused primarily by bacteria and fungi
accounted for 5.5% of all FEs. The presence of mixed infec-
tions likely reflects mucosal damage observed in leukemia
patients undergoing chemotherapy. Mixed infections were al-
so responsible for the highest mortality rates.
Mortality rates for/with infection were low compared to
other hematologic malignancies, but still notable.
Apparently, deaths caused by fungal infections and mixed
infections are more frequent than in previous studies by the
SEIFEM group [1]. This may be due to the chemotherapy
regimens administered, as they are increasingly aggressive
and prolonged. Conversely, deaths by FUO are lowering
probably as a result of improved diagnostic procedures.
Beyond IFDs, other risk factors for mortality seem to be,
as expected, an uncontrolled malignancy, older age (>
60 years old) and poor PS. However, the main role is played
by neutropenia. In fact, during almost every FE (89.9%), the
patient had neutrophil count lower than 500/mm3 and all the
deceased patients were neutropenic. Previous studies dem-
onstrated the correlation with the depth and duration of neu-
tropenia with the incidence of infections [37]. In our inves-
tigation, deeper and more prolonged neutropenia is associ-
ated with a higher risk of predicted probability of death.
Steroid use is another distinct risk factor for mortality. In
fact, a large use of steroids during all the treatment of ALL
(also to contain refractory disease) is observed. Moreover,
concomitant presence of pneumonia should be carefully
considered in FE ALL patients. CNS localization at diagno-
sis of ALL does not seem to decisively affect the outcome in
presence of infection but seems significant in the context of
overall mortality.
In conclusion, our study illustrates the current inci-
dence of fever and infectious complications in a disease
formerly considered at low risk. The phases of treatment
in which infectious episodes are more frequent are first
induction/reinduction treatment and even higher in pa-
tients with refractory disease. Most microbiologically doc-
umented FEs in ALL patients were caused by bacteria;
however, the incidence of IFD (4.3%) is sufficiently high
to justify intensive diagnostic workup for fungal patho-
gens including molds during fever. Remarkably, mixed
infections, often involving fungi, are the most concerning.
Primitive or secondary pulmonary localization seems to
be critical, together with bacteremia, as poor prognostic
factor, as well as use of steroids and neutropenia. A poor
PS also appears prominent in the management of FEs in
ALL. Together with steroid use, an uncontrolled malig-
nancy and a poor PS seem to be crucial for mortality with
evidence of infection.
Compliance with ethical standards
The study was approved by the ethics committee of each center.
Conflict of interest R.D.B. has received honoraria fromGilead Sciences
and Merck. C.C. has no disclosures. R.E.L. has received honoraria from
Gilead Sciences and Astellas Pharma and has research grants fromGilead
Sciences. A.B. has received honoraria from Gilead Sciences, Merck,
Pfizer Pharmaceuticals, Basilea, Jazz Pharmaceuticals and Hospira; he
has been a speaker for Gilead Sciences, Merck, Pfizer Pharmaceuticals,
Astellas Pharma, and Novartis. A.C. has received honoraria from Gilead
Sciences, Merck and Pfizer Pharmaceuticals and has been a speaker for
Gilead Sciences, Merck, and Pfizer. S.C. has received speaker honoraria
from Gilead Sciences and Merck Sharp and Dohme. M.D. has been the
consultant/speaker for Gilead Sciences, Merck, Pfizer, Sanofi. R.F. has
received honoraria from Merck and has been a speaker for Merck. G.N.
has been a speaker for Pfizer and Merck. A.N. has received honoraria
from Gilead Sciences and speaker honoraria from Merck. F.A. has re-
ceived honoraria from Gilead Sciences, Basilea, Merck, Roche and Pfizer
Pharmaceuticals and has been a speaker for Gilead Sciences, Merck,
Pfizer and Roche. L.P. has received honoraria from Gilead Sciences,
Jannsen, Basilea, Merck and Pfizer Pharmaceuticals and has been a
speaker for Gilead Sciences, Merck, and Basilea. All other authors de-
clare no conflict of interest.
References
1. Pagano L, Caira M, Rossi G et al (2012) A prospective survey of
febrile events in hematological malignancies. Ann Hematol 91:
767–774
2. Caira M, Candoni A, Verga L et al (2015) Pre-chemotherapy risk
factors for invasive fungal diseases: prospective analysis of 1192
patients with newly diagnosed acute myeloid leukemia (SEIFEM
2010-a multicenter study). Haematologica 100:284–292
3. Pagano L, Caira M (2012) Risks for infection in patients with
myelodysplasia and acute leukemia. Curr Opin Infect Dis 25:
612–618
4. Pagano L, Stamouli M, Tumbarello M et al (2015) Risk of invasive
fungal infection in patients affected by acute promyelocytic leuke-
mia. A report by the SEIFEM-D registry. Br J Haematol 170:434–
439
5. Pagano L, Caira M, Nosari A et al (2007) Fungal infections in
recipients of hematopoietic stem cell transplants: results of the
SEIFEM B-2004 study–Sorveglianza Epidemiologica Infezioni
Fungine Nelle Emopatie Maligne. Clin Infect Dis 45:1161–1170
6. Girmenia C, Aversa F, Busca A et al (2013) A hematology consen-
sus agreement on antifungal strategies for neutropenic patients with
hematological malignancies and stem cell transplant recipients.
Gruppo Italiano Malattie Ematologiche dell’Adulto, Gruppo
Italiano Trapianto di Midollo Osseo, Associazione Italiana
Ematologia ed. Oncologia Pediatrica, Invasive Fungal Infections
Cooperative Group of the European Organization for Research
and Treatment of Cancer and Sorveglianza Epidemiologica delle
Infezioni Fungine nelle Emopatie Maligne. Hematol Oncol 31:
117–126
Ann Hematol (2018) 97:791–798 797
7. Hakim H, Dallas R, Zhou Y et al (2016) Acute respiratory infec-
tions in children and adolescents with acute lymphoblastic leuke-
mia. Cancer 1(122):798–805
8. Dare JM, Moppett JP, Shield JP, Hunt LP, Stevens MC (2013) The
impact of hyperglycemia on risk of infection and early death during
induction therapy for acute lymphoblastic leukemia (ALL). Pediatr
Blood Cancer 60:E157–E159
9. Chen CY, Cheng A, Huang SYet al (2013) Clinical and microbio-
logical characteristics of perianal infections in adult patients with
acute leukemia. PLoS One 8:e60624
10. Thursky KA, Worth LJ, Seymour JF, Miles Prince H, Slavin MA
(2006) Spectrum of infection, risk and recommendations for pro-
phylaxis and screening among patients with lymphoproliferative
disorders treated with alemtuzumab*. Br J Haematol 132:3–12
11. Rubnitz JE, Lensing S, Zhou Yet al (2004) Death during induction
therapy and first remission of acute leukemia in childhood: the St.
Jude experience. Cancer 101:1677–1684
12. O’ConnorD, Bate J,Wade R et al (2014) Infection-related mortality
in children with acute lymphoblastic leukemia: an analysis of infec-
tious deaths on UKALL2003. Blood 124:1056–1061
13. Özdemir N, Tüysüz G, Çelik N et al (2016) Febrile neutropenia in
children with acute lymphoblastic leukemia: single center experi-
ence. Turk Pediatri Ars 51:79–86
14. Bassan R, Masciulli A, Intermesoli T et al (2015) Randomized trial
of radiation-free central nervous system prophylaxis comparing in-
trathecal triple therapy with liposomal cytarabine in acute lympho-
blastic leukemia. Haematologica 100:786–793
15. Chiaretti S, Vitale A, Cazzaniga G et al (2013) Clinico-biological
features of 5202 patients with acute lymphoblastic leukemia en-
rolled in the Italian AIEOP and GIMEMA protocols and stratified
in age cohorts. Haematologica 98:1702–1710
16. Hoelzer D, Gökbuget N, Digel W et al (2002) Outcome of adult
patients with T-lymphoblastic lymphoma treated according to pro-
tocols for acute lymphoblastic leukemia. Blood 99:4379–4385
17. Oken MM, Creech RH, Tormey DC et al (1982) Toxicity and re-
sponse criteria of the Eastern Cooperative Oncology Group. Am J
Clin Oncol 5:649–655
18. Freifeld AG, Bow EJ, Sepkowitz KA et al (2011) Clinical practice
guideline for the use of antimicrobial agents in neutropenic patients
with cancer: 2010 update by the infectious diseases society of amer-
ica. Clin Infect Dis 15(52):e56–e93
19. De Pauw B, Walsh TJ, Donnelly JP et al (2008) European
Organization for Research and Treatment of Cancer/Invasive
Fungal Infections Cooperative Group; National Institute of
Allergy and Infectious Diseases Mycoses Study Group (EORTC/
MSG) Consensus Group. Revised definitions of invasive fungal
disease from the European Organization for Research and
Treatment of Cancer/Invasive Fungal Infections Cooperative
Group and the National Institute of Allergy and Infectious
Diseases Mycoses Study Group (EORTC/MSG) Consensus
Group. Clin Infect Dis 46:1813–1821
20. Barkati S, Dufresne SF, Bélanger S et al (2014) Incidence of inva-
sive aspergillosis following remission-induction chemotherapy for
acute leukemia: a retrospective cohort study in a single Canadian
tertiary care centre. CMAJ Open 7(2):E86–E93
21. Muchtar E, Paul M, Horowitz A, Shpilberg O, Raanani P (2012)
Persistent carbapenem-resistant Klebsiella pneumoniae bacteremia
in a patient with acute lymphoblastic leukemia. Isr Med Assoc J 14:
195–197
22. Tumbarello M, Spanu T, Caira M et al (2009) Factors associated
with mortality in bacteremic patients with hematologic malignan-
cies. Diagn Microbiol Infect Dis 64:320–326. https://doi.org/10.
1016/j.diagmicrobio.2009.02.008
23. Pagano L, Caira M, Candoni A et al (2006) The epidemiology of
fungal infections in patients with hematologic malignancies: the
SEIFEM-2004 study. Haematologica 91:1068–1075
24. Neofytos D, Horn D, Anaissie E et al (2009) Epidemiology and
outcome of invasive fungal infection in adult hematopoietic stem
cell transplant recipients: analysis of Multicenter Prospective
Antifungal Therapy (PATH) Alliance registry. Clin Infect Dis
1(48):265–273
25. Herbrecht R, Bories P, Moulin JC, Ledoux MP, Letscher-Bru V
(2012) Risk stratification for invasive aspergillosis in immunocom-
promised patients. Ann N YAcad Sci 1272:23–30
26. Teng JC, Slavin MA, Teh BW et al (2015) Epidemiology of inva-
sive fungal disease in lymphoproliferative disorders.
Haematologica 100:e462–e466
27. Offidani M, Corvatta L, Malerba L, Marconi M, Leoni P (2004)
Infectious complications in adult acute lymphoblastic leukemia
(ALL): experience at one single center. Leuk Lymphoma 45:
1617–1621
28. Levinson A, Pinkney K, Jin Z et al (2015) Acute gastrointestinal
graft-vs-host disease is associated with increased enteric bacterial
bloodstream infection density in pediatric allogeneic hematopoietic
cell transplant recipients. Clin Infect Dis 1(61):350–357
29. Styczynski J, Czyzewski K, Wysocki M et al (2016) Increased risk
of infections and infection-related mortality in children undergoing
hematopoietic stem cell transplantation compared to conventional
anticancer therapy: a multicentre nationwide study. Clin Microbiol
Infect 22:179.e1–179.e10
30. Abudayyeh A, Hamdi A, Lin H et al (2016) Symptomatic BKVirus
Infection Is Associated With Kidney Function Decline and Poor
Overall Survival in Allogeneic Hematopoietic Stem Cell
Recipients. Am J Transplant 16:1492–1502
31. Williams KM, Ahn KW, Chen M et al (2016) The incidence, mor-
tality and timing of Pneumocystis jiroveci pneumonia after hema-
topoietic cell transplantation: a CIBMTR analysis. Bone Marrow
Transplant 51:573–580
32. Bucaneve G, Micozzi A, Menichetti F et al (2005) Levofloxacin to
prevent bacterial infection in patients with cancer and neutropenia.
N Engl J Med 8(353):977–987
33. EORTC International Antimicrobial Therapy Cooperative Group
(1990) Gram-positive bacteraemia in granulocytopenic cancer pa-
tients. Eur J Cancer 26:569–574
34. Honeyman F, Tavernier E, Richez V et al (2016) Epidemiology of
bacterial infections during induction chemotherapy in adult patients
with acute lymphoblastic leukemia (ALL): analysis of the Graall-
2005 study. Blood 128(22):2777
35. Mariette C, Tavernier E, Hocquet D et al (2017) Epidemiology of
invasive fungal infections during induction therapy in adults with
acute lymphoblastic leukemia: a GRAALL-2005 study. Leuk
Lymphoma 58:586–593
36. Nicolato A, Nouér SA, Garnica M, Portugal R, Maiolino A, Nucci
M (2016) Invasive fungal diseases in patients with acute lymphoid
leukemia. Leuk Lymphoma 57:2084–2089
37. Portugal RD, Garnica M, Nucci M (2009) Index to predict invasive
mold infection in high-risk neutropenic patients based on the area
over the neutrophil curve. J Clin Oncol 27(23):3849–3854
798 Ann Hematol (2018) 97:791–798
